Introduction
Many restructured electricity supply industries have a small number of generation unit owners and many of these firms are vertically-integrated into electricity retailing. This market structure limits both wholesale and retail competition which can increase both wholesale and retail electricity prices. Although these elevated prices may encourage entry by new suppliers, siting, building, and bringing on-line a new generation unit can take at least 18 months, and although this additional generation capacity may discipline the offer behavior of existing firms, it may not be needed to serve demand throughout the year. Consequently, this mode of entry is a costly and high risk approach to increasing both wholesale and retail competition.
In contrast, purchasing a fixed-price forward contract for wholesale electricity is a lower cost and less risky approach to entering electricity retailing that can increase the extent of competition faced by incumbents in electricity retailing and wholesale supply. A new entrant purchases a fixed-price forward contract for wholesale energy for the term of the retail contract for the total amount of energy the customer is likely to consume. This forward contract hedges the vast majority of the short-term wholesale price risk faced by the entrant and also sets a lower bound on the fixed-price retail contract it can offer. Armed with a portfolio of fixed-price forward contracts at various delivery horizons in the future, the new entrant can compete against incumbent suppliers that own generation assets to sell retail contracts that deliver energy during these future periods.
If the new entrant is successful in obtaining retail customers and this forward contract is held to the clearing date, the generation unit owners that sold these forward contracts now have larger total fixed-price forward contract obligations when they submit their offers into the short-term market. By the logic in Wolak (2000) , these generation unit owners have an incentive to submit offers into the short-term wholesale market that are closer to their marginal cost of production, which should result in lower wholesale prices. This paper examines the empirical validity of the above logic that the introduction of a futures market for wholesale electricity increased competition in both electricity retailing and wholesale electricity supply in Singapore, which started a futures market in April 2015 for quarterly contracts for baseload electricity. These fixed-price forward contracts are traded on the Singapore Exchange Limited (SGX) and clear against the half-hourly Uniform Singapore Electricity Price (USEP) at a rate of 0.5 megawatt-hour (MWh) each half-hour of the quarter.
Using data on the prices and other observable characteristics of all fixed-price retail contracts signed between large consumers and electricity retailers from October 2014 to March 2016, I find lower prices for these retail contracts signed after the introduction of purely financial retailers enabled by the start of the standardized futures market. Moreover, after April 2015, I find that higher average volumes of open futures contracts that clear during the term of the retail contract during the month before the retail contract started delivering energy predict a lower retail contract price. Both of these empirical results are consistent with the presence of purely financial retailers increasing the competitiveness of retail market outcomes. I estimate that the total savings in energy purchased in retail contracts from 1 May 2015 through 31 March 2016 from the introduction of the futures market and average monthly volume of open positions in the market during that period is, depending on the econometric model specification, between 18 and 24 percent of the total spending on retail energy contracts during this same time period.
Wholesale market performance in Singapore also appears to have improved as a result of the introduction of the futures market. I find that higher volumes of futures contracts clearing against the USEP during a half-hour predicts a lower wholesale price during that half-hour. This result is consistent with the forward market purchases of purely financial retailers increasing the aggregate fixed-price forward market obligations of generation unit owners in Singapore, which, by the logic described in Wolak (2000) , should cause these generation unit owners to submit offer prices closer to their marginal cost of producing electricity, which then results in lower wholesale electricity prices. I estimate that short-term energy prices did decline, which led to total wholesale energy cost savings from 1 July 2015 though 30 April 2016 from the introduction of the futures market and the open positions in the futures market during that period is, depending on the econometric specification, between 5 and 19 percent of the total spending on wholesale energy over this same time period.
These retail and wholesale market price results support the argument that establishing a formal futures market can increase the competitiveness of both retail and wholesale market outcomes. Independent retailers can initially serve final consumers incurring minimal sunk costs of entry through purchases of wholesale energy from the futures market. As these retailers increase the number of customers served and system demand grows, they can invest in new generation capacity. This lower cost and less risky entry strategy is particularly relevant for electricity supply industries where generation asset ownership is concentrated, a common initial condition in many restructured electricity supply industries.
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It is important to emphasize the need for liquidity in the futures market to the success of this strategy. Providing financial incentives for market participants to act as market makers and post bid/ask spreads for minimum volumes of energy for each futures contract, as is the case in Singapore, is one approach to providing this liquidity. Without this requirement or a regulatory mandate for retailers or generation unit owners to participate in the futures market, it is unlikely that a sufficient volume of open positions will occur to produce the desired competitiveness benefits, particularly in markets with one or more suppliers that own a significant share of total generation capacity.
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Another argument in favor of establishing a market for standardized forward contracts and mandating participation by all retailers is that it provides a mechanism for ensuring long-term energy adequacy in the wholesale market regime. Generation unit owners and retailers in virtually all restructured markets complain about their inability to purchase or sell a significant quantity of energy in the future. If developers of new generation units are able to sell a significant fraction of the output from a potential new generation unit for several years into the future in standardized forward contracts for energy at attractive prices, this will enable them to obtain the necessary financing to build the new generation unit to serve demand in the future.
Establishing a market for standardized forward contracts and mandating that retailers purchase these contracts, at delivery horizons longer than the time needed to build a new generation unit, can reduce the barriers to new entry of generation units and ensure that there are adequate resources to meet a growing demand for energy at the lowest possible cost. Building on these empirical results, we present a detailed proposal for how a regulator-mandated market for standardized forward contracts can be used as a mechanism for achieving long-term resource adequacy.
The remainder of the paper proceeds as follows. Section 2 describes the economic logic underlying why a market for standardized forward contracts should improve the performance of both the retail and wholesale market. Section 3 describes the structure of the Singapore electricity supply industry and the factors that led the Energy Market Authority (EMA), the Singapore electricity regulator, to encourage the formation of a market for standardized forward contracts for energy. Section 4 describes the data used in our analysis and how each of the regressors used in the subsequent empirical analysis are constructed. Section 5 presents the empirical analysis of the impact of the introduction of the futures market on retail market performance. Section 6 presents the empirical analysis of the impact of the introduction of the futures market on wholesale market performance. Section 7 presents our proposed approach to ensuring long-term resource adequacy using a regulator-mandated market for standardized forward contracts and discusses the suitability of this proposal for wholesale electricity markets in other parts of the world. Section 8 concludes.
Forward Commitments and Market Performance
There are two primary mechanisms through which forward commitments can influence wholesale market performance. The first mechanism was explored by Allaz and Vila (1993) in the context of a two-stage quantity-setting Cournot duopoly game where each firm has the option to make forward sales in the first stage of the game before the short-term quantity-setting market operates in the second stage of the game. The authors find that the option to make forward market sales creates a prisoner's dilemma between the duopolists where each is better off entering into a forward contract given the other has not sold any energy in the forward market. In equilibrium, both firms sign forward contracts which commit them to more aggressive behavior in the short-term market and lower price-cost margins than the no-forward-contract Cournot equilibrium.
The basic insight that a fixed-price forward contract commitment leads to more competitive behavior in a short-term wholesale electricity market was investigated empirically by Wolak (2000) , who found that the unilateral profit-maximizing price-what Wolak (2000) calls the best-reply price-of a large supplier in the Australian wholesale electricity market was significantly lower and less volatile as result of the fixed-price forward contract obligations held by this firm. McRae and Wolak (2014) demonstrate that for vertically-integrated firms, a fixed-price retail load obligation is functionally equivalent to a fixed-price forward energy sale in terms of its impact on offer behavior of this firm in the short-term energy market. Bushnell et al. (2008) illustrate this point empirically by constructing Cournot models of three wholesale electricity markets in the United States (US) and computing the equilibrium with and without the fixed-price retail load obligations actually faced by the large verticallyintegrated suppliers in two of these markets. The authors demonstrate that in the two eastern US markets that has significant vertical integration between generation and retailing, substantially more market power would have been exercised in the short-term wholesale market if the large suppliers in these markets did not have substantial fixed-price regulated retail load obligations. Chang and Park (2007) investigate the impact of fixed-price forward contracts in the early years of the Singapore market and find that fixed-price forward contracts led to lower wholesale market prices and less price volatility, consistent with the results in Wolak (2000) .
The second mechanism through which forward markets impact overall market performance is discussed in Wolak (2014) . He emphasizes that a liquid forward market for energy at delivery horizons longer than the time it takes to site and begin operating a new generation unit increases the competition that existing suppliers face to sell fixed-price forward contracts at these delivery horizons. That is because new suppliers can credibly compete with existing suppliers to provide energy at these delivery horizons. Clearly, an entrant cannot compete to supply energy in the forward market at shorter delivery horizons because a new generation unit cannot built in time to supply this energy. The incumbent suppliers recognize this and take it into account in setting prices at which they are willing to sell these shorter-term forward contracts.
3 Consequently, a liquid forward market for energy at delivery horizons longer than the time it takes to site and begin operating a new generation unit with likely produce the most competitive price for energy at this delivery horizon. The primary mechanism through which the existence of a liquid forward market for energy affects retail market outcomes is by increasing the number of suppliers of retail electricity. A potential retail competitor no longer needs to construct a generation unit in order to supply retail electricity at a price that does not vary with the short-term market price. The potential entrant can purchase energy from the futures market for the term of the retail contract and obtain price certainty for the wholesale energy cost of serving this customer. The existence of a liquid forward market reduces the barriers to entry into electricity retailing and increases the number of competitors that incumbent the supplier faces for providing retail electricity.
By this logic, one summary measure of the amount of competition that incumbent suppliers face from purely financial retailers (that do not own generation capacity) is the volume of open positions in the futures market that clear during the term of the retail contract at the time the customer accepts bids from retailers to fill this contract. Our empirical analysis examines the extent to which both the existence of the futures market and the size of the open position in the futures market that clear during the term of the retail contract impacts the ultimate price of the retail contract. We then explore the extent to which a larger quantity of futures contracts clearing during given half-hour period leads to lower wholesale prices during that half-hour, consistent with the logic described above.
Singapore Electricity Supply Industry
Singapore has a population of 5.7 million people and a land area of 280 square miles, roughly the land area from San Francisco south to the city of San Jose on the San Francisco Peninsula. It has Gross Domestic Product in US Dollars per capita that is comparable to that in the US. Singapore has high share of commercial and industrial electricity demand, which combined with its tropical climate, implies a relatively high load factor-the ratio of the annual average hourly demand to the annual peak demand. The annual instantaneous peak demand is approximately 7,000 megawatts (MW). Residential electricity consumption is approximately 15 percent of total demand, relative to roughly 30 percent in the US and Europe.
Wholesale Electricity Market
The National Electricity Market of Singapore began on 1 January 2003. Singapore operates a single-settlement locational marginal pricing (LMP) market on a half-hourly basis.
4 Each half-hour of the day, the Energy Market Company (EMC), which operates the National Electricity Market of Singapore (NEMS), sets LMPs for all generation locations and load withdrawal points in the Singapore bulk transmission network.
5 Figure 1 contains a map of Singapore. All generation units are located throughout the main island and several of the surrounding islands and are paid the LMP at their location for the energy they inject into the transmission network.
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Each half-hour, all loads pay the Uniform Singapore Electricity Price (USEP), which is the quantity-weighted average of the LMPs across all load withdrawal points in Singapore.
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Wholesale electricity prices in Singapore are typically close to the annual half-hourly mean value, but slightly more than 10 percent of the half-hours of the year they can rise to extremely high levels. To illustrate this point, Figure 2 Virtually all of the electricity consumed in Singapore is produced from natural gas-fired generation units, primarily using liquefied natural gas (LNG) delivered through the Singapore LNG terminal (SLNG). In 2015 and 2014, ninety-five percent of the electricity was producing using natural gas and virtually all of this natural gas was burned in combined cycle gas turbine (CCGT) generation units. Figure 4 plots the licensed generation capacity by technology from 2010 to 2016. Most of the expansion in generation capacity during this time period came from new entrants that found large loads to serve and built new generation capacity to serve these loads. Figure 5 plots the capacity shares by supplier from 2010 to 2016. Although the capacity shares of the three largest firms has declined from 85 percent to in 2010 to 67 percent in 2016, the industry is still extremely concentrated. In 2016, five firms control slightly more than 85 percent of the installed capacity in Singapore. Figure 6 plots the annual electricity generation shares for 2010 to 2016. The aggregate market share of electricity generation from the three largest firms is uniformly smaller than the capacity shares of these firms from 2010 to 2016. In 2016, the three largest firms had a generation share of 58 percent in 2016 versus a capacity share of 67 percent. This outcome is consistent with the large suppliers (as measured by the amount of capacity they own) exercising unilateral market power and the small suppliers taking advantage of the higher offer prices submitted by the large suppliers by selling more electricity in the wholesale market.
Singapore has full retail competition for commercial and industrial customers with an average monthly electricity consumption of at least 2,000 kWh.
9 Customers meeting this criteria can choose their electricity retailer. Customers making this choice are called "contestable." All customers with average monthly consumption below 2,000 kWh are served by Singapore Power Services (SP Services) at a regulated tariff set by the EMA. Customers with monthly demand above 2,000 kWh that have not yet elected to choose a competitive retailer can either purchase their wholesale electricity demand at the half-hourly USEP or from SP Services at a regulated tariff set by EMA. A small fraction of these customers have chosen the first option, but the vast majority of potentially contestable customers are still served by SP Services at the regulated tariff. The Energy Market Authority of Singapore estimates that 95,000 business accounts, making up about 80 percent of total electricity demand, meet the contestable customer requirement. 10 Figure 7 plots the annual energy sales shares of the major retailers in Singapore. SP Services still has the largest market share, but this has declined from 36 percent in 2010 to 30 percent in 2016, as more potentially contestable customers have decided to select one of the competitive retailers and become contestable. All of the major retailers own significant amounts of generation capacity. The seven companies with the largest generation shares in 2016 in Figure 6 are also the seven retailers with the largest retail electricity sales shares in 2016 in Figure 7 . The market shares of the electricity retailers in the competitive retailing segment reflect this entry strategy. The market shares of these retailers within this segment are close to their annual generation shares. For example, in 2016 Senoko Energy had a 19 percent generation share and Senoko Energy Supply (its retailing arm) had a market share in the competitive retailing segment of 19 percent. YTL PowerSeraya has a 18 percent generation share in 2016 and Seraya Energy (its retailing arm) had a market share in the competitive retailing segment of 18 percent. The approximate agreement between generation shares and competitive retailing shares also holds for the remaining five generation firms.
Historically, the entry path into electricity retailing was to construct a generation facility and sell energy to SP Services and contestable customers.
11 The generation facility provides the new retailer with a physical hedge against against the short-term price volatility. However, this entry strategy involves substantial sunk costs, and therefore involves significant financial risk, given the volatility of the USEP.
Singapore Exchange Electricity Futures Markets
In an attempt to provide a lower sunk cost of entry path for electricity retailers and an additional stable source of revenues for new generation unit owners, the EMA established a futures market for wholesale electricity that clears against the half-hourly USEP. Starting in April of 2015, these contracts traded in a bid-ask market on the Singapore Exchange Limited (SGX). In order to provide liquidity in the market for these contracts, the EMA implemented the Forward Sales Contract (FSC) scheme which compensates market participants for posting bid-ask spreads for minimum volumes for each of the contracts available in the futures These futures contracts would allow retailers that did not own generation units to enter the retail market by purchasing futures contracts to hedge the USEP volatility associated with offering a fixed-price retail contract to a contestable customers. A potential electricity retailer could partner with a financial market participant with a balance sheet to manage the financial risk associated with purchasing the futures contracts and sell contracts for retail energy for delivery during the period covered by the futures contracts purchased. Four retailers followed this entry strategy between the start of the SGX futures market until the end of our sample period in April 2016. By the end of 2017, there were more than ten retailers that had followed this entry strategy.
13
The SGX futures contracts are quarterly baseload contracts. The EMA requires suppliers to post bid-ask spreads for contracts for nine consecutive quarters ending the last day of March, June, September, and December. The contract size is 0.5 MWh for each half-hour of the day over the quarter. For a 90-day quarter the contract size is 1,080 MWh, for a 91-day quarter the contract size is 1,092 MWh, and for 92-day quarter the contract size is 1,104 MWh. Prices are quoted in SGD per MWh and the minimum tick size for bids and asks is 0.01 SGD/MWh. The final settlement price for the futures contract is the arithmetic average of the half-hourly USEPs over the expiring contract quarter, rounded to two decimal places. The last trading day for the contract is the last business day of the quarter.
Because of the tropical climate in Singapore and relatively steady demand for air conditioning and large share of commercial and industrial demand, daily load shapes in Singapore tend to be relatively flat. Figure 8 plots the annual mean daily system load shape for 2014 and 2015. If Q hd is the value of system load in MWh in half-hour h of day d, each of the 48 points on the graph is equal to
where D is the number of days in the year. The fact that load shapes in Singapore are relatively flat limits the halfhourly quantity risk that the retailer faces by hedging a customer's half-hourly consumption with a forward contract that clears against the arithmetic average of USEPs during the term 12 Participants in the FSC scheme were awarded fixed-price forward contracts for energy at prices set by EMA for up to 3 years in the future in exchange for acting as market makers in all outstanding futures contracts. The FSC is described in "Forward Sale Contract (FSC) Scheme to Facilitate the Development of an Electricity Futures Market in Singapore," Request for Interest, May 23, 2013, EMA Document. https: //www.ema.gov.sg/cmsmedia/Electricity/Electricity_Futures/23052013_RFI.pdf.
13 See Table 3 .1 of EMA (2018).
of the contract as opposed to that customers half-hourly consumption. An expression for the variable profit earned by a retailer using the futures market to hedge the USEP price risk can be derived using the following notation. Let Q h equal the customer's half-hourly consumption during half hour h of the quarter and QD T = H h=1 Q h is the customer's total consumption in the quarter and H is the total number of half-hours in the quarter. Let P R equal the fixed retail price (net of transmission and distribution charges) that the customer pays to the retailer, P F the price paid by the retailer for wholesale electricity purchased from the futures market for "delivery" during half-hour h, and U SEP h the value of the USEP in half-hour h. Note that P F is not indexed by h because each futures contract "delivers" 0.5 MWh of electricity each half-hour of the quarter at a fixed price. Suppose that retailer purchased QD T in a quarterly futures contract to serve this customer. The variable profit during half-hour h earned by the retailer from serving this customer with this futures market purchase at P F is equal to:
(1)
The first two terms in the second line of (1) are not impacted by wholesale market outcomes. P R Q h is equal to the revenues the retailer earns from supplying this customer at
is the cost of purchasing energy in the futures market for half-hour h. The residual quarterly wholesale energy cost risk faced by a retailer using an SGX futures contract to hedge the wholesale energy cost of serving this customer is equal to
. This expected cost is higher the more the customer's actual consumption in half-hour h, Q h , exceeds its average half-hourly consumption for the quarter, The open position for a quarterly contract is the total quantity of contracted energy that a buyer has purchased in the futures market from a seller. The daily closing price for the contract is determined by SGX based on bid and ask prices and transactions prices for trades that took place during the day. This is the first data set that will be used in the empirical analysis of the impact of the size of open positions in the futures market and the prices contestable consumers pay for retail electricity.
Retail Contract Market
Competition for contestable retail customers takes place through a variety of mechanisms. The larger contestable customers run a formal procurement process where retailers submit price offers into a sealed-bid auction to provide retail electricity for a fixed term. Smaller contestable customers typically solicit offers from suppliers and negotiate their retail contract with a number of suppliers before settling on a single supplier.
Our analysis is based on information compiled by EMA on each retail contract signed by a contestable customer, which includes the supplier, the type of contract, the duration of the contract, monthly amount of energy procured under the contract, the start date of the contract and the price paid for energy under the contract. Virtually all of the retail contracts signed by contestable customers are fixed price. For retail contracts starting delivery between January 2013 and March 2016, a small fraction are indexed to the price of natural gas in Singapore and a larger, but still small, fraction are structured as a discount relative to the regulated SP Services tariff set by the EMA for that customer class.
These contracts range in duration from 3 months to 36 months, with a mean duration of approximately 12 months. Between January 2013 and the end of March 2016, over 15,300 retail contracts were signed. Data on the characteristics of each retail contract signed by a contestable customer is the second dataset used in the empirical analysis of the impact of open positions in the futures market and the price contestable customers pay for retail electricity.
Open Positions in Futures Contracts and Retail Prices
If a liquid futures market for wholesale electricity exists, a prospective independent entrant that would like to sell retail contracts delivering over the next four quarters (for example) can purchase SGX futures contracts that clear against the USEP during these four quarters. These futures market purchases provide the new entrant with wholesale price certainty for the quantity of energy purchased in the futures market each quarter. The retailer would likely purchase a significant fraction of these futures contracts before deciding to compete in the contestable customer retail market. Because the procurement process for a retail contract typically takes place before the month that the contract starts delivering energy, I use the average open position in futures contracts that clear during the term of the retail contract over all trading days in the month before the start date of the retail contract as a summary measure of the amount of competition faced by incumbent retailers for this retail contract.
Another factor determining the level of the retail price that a new entrant might offer is the average price paid for wholesale energy purchased in the SGX futures market to hedge this retail contract. If entering retailers are able to obtain lower prices from the futures market then it is likely that they are willing to offer lower retail electricity prices during the period covered by these futures contracts. For this reason, we also compute a open-positionweighted-average of the daily closing prices of futures contract for all trading days in the month before the retail contract starts for all futures contracts "delivering" during the term of the retail contract.
There are several other factors that could cause retailers to change their retail price offer. For example, retail contracts for a larger volume of monthly energy could sell at a discount. Longer duration contracts could sell for more or less than shorter duration retail contracts. Finally, a higher price of the major input used to produce electricity in Singapore-liquefied natural gas-should imply higher wholesale prices which would be reflected in higher retail prices.
Because the procurement process for each the retail contract takes place before the winner of the contract starts making deliveries, I use information on average daily open positions, average daily closing prices, and average natural gas prices during the month before the retail contract starts as measures of market conditions at the time of the procurement process for the retail contract. 
the average daily open position in futures contract f during month d, and To account for the fact that the futures market began operation in April 2015, an indicator variable is defined for all contracts starting delivery on and after 1 May 2015, the first month of retail contracts that could have been impacted by the existence of the futures market. M ARKET is the indicator variable that is equals zero for contracts starting delivery before 1 May 2015 and one for all contracts starting delivery on or after 1 May 2015.
For each retail contract, I construct the following two variables using the values of AQP f m and AP P f m for each outstanding futures contract during month m. Suppose that the start date of a retail contract is 1 February 2016 and the contract is a one year in duration. I construct the variable AV GQ for this retail contract as the weighted average of values of AQP f m for January 2016 for contracts that cover the time period of the retail contract. For this example, there are five contracts that clear against half-hourly USEPs during the duration of the retail contract: (1) the quarterly contract that ends the last day of March 2016, (2) the quarterly contract that ends the last day of June 2016, (3) the quarterly contract that ends the last day of September 2016, (4) the quarterly contract that ends the last day of December 2016, and (5) quarterly contract that ends the last day of March 2017. AV GQ would assign a weight of 2/12 to AQP mf for m = January 2016 for the futures contract that ends in March of 2016 because two months of this contract are contained in the period covered by the retail contract. The value of AQP mf for m = January 2016 for the next three futures contracts would receive weights of 1/4, and the final contract would receive a weight of 1/12 because only one month of the quarter is contained in the time period covered by the retail contract. The second variable, AV GP , is constructed in the same manner using the monthly averages of the daily-weighted average closing prices. These two variables are constructed for each retail contract. To account for the fact that there were no open positions for any futures contracts until June 2015, the values of AV GQ and AV GP were set equal to zero for all contracts starting delivery before July 2015.
To account for prices of the primary input to produce electricity in Singapore when the retail contract is under negotiation, I also construct the monthly average of the weekly SGX natural gas price index during the month before the retail contract began delivering. This variable is called AV P LN G and it is the average of the weekly price for all weeks with any days during the month of interest. Figure 9 plots the weekly LNG price and weekly average USEP to demonstrate the importance of controlling for changes in this input price over time in measuring the competitiveness benefits of introducing a futures market in Singapore.
There are other variables that control for the characteristics of the retail contract. The first is IN D, an indicator variable for whether the contract was served by an independent retailer that does not own any generation units and zero otherwise. DU R is the duration of the retail contract in months. CON S is the monthly quantity of energy sold under the contract in gigawatt-hours (GWh). T ARIF F is an indicator variable that takes on the value of 1 if the retail contract is a discount relative to the SP Services regulated tariff and zero otherwise. Because our LNG price index series does not start until 1 October 2014, all of our retail price regressions include retail contracts that started delivery on or after 1 November 2014.
14 Because there was entry of new generation capacity in the Singapore market that could have impacted competition in both the retail market and wholesale market during the sample period, for each month from 1 January 2014 to the end our sample, I compute the monthly reserve margin, RSV M AR m , which is equal to ICAPm−P EAKm P EAKm
, where P EAK m is the peak demand in megawatts (MW) in month m and ICAP m is the registered generation capacity in Singapore as of the start of month m. To capture the extent of competition generation unit owners face in month m, I will use RSV M AR m−1 in as the most up-to-date measure of supplier competition available when customers and retailers are negotiating retail contracts starting deliveries in month m. Figure 10 plots the reserve marginal for month m − 1 and the weekly average USEP for month m. As the graph illustrates, higher values of RSV M AR m−1 are likely to predict lower values of retail contract prices and USEPs during month m.
The hypothesis that the average volume of open positions in the futures market during term the retail contract as of the month before the retail contract started delivery increases retail competition yields several empirical predictions. The first is that after controlling for observable contract characteristics, a higher value of AV GQ for a contract predicts a lower price for the retail contract. The second is that a higher value of AV GP predicts higher values for the price of the retail contract, because a higher average price of the futures contract used to hedge the retail contract offered by an independent retailer limits the retailer's ability lower its retail price offer.
The baseline specification estimated takes the form:
where the subscript "c" indexes contracts. P c is the price of contract c, δ j is a fixed effect for retailer j, X c is a vector of additional covariates, and c is a mean zero regression error. Table 1 reports estimates of various versions of equation (2) for the sample composed of fixed price contracts. Table 2 reports estimates of equation (2) for this same sample of contracts with all of the variables in logs. The standard errors are clustered at the retailer level for both sets of estimates. Across all specifications that include AV GP and AV GQ we find evidence consistent with the two empirical predictions described above. Higher levels of AV GQ predict lower prices for the retail contract and higher levels of AV GP predict higher prices for the retail contract. The first result is consistent with the logic that a larger average volume open positions in futures contract that clear during the term of the retail contract in the month before the retail contract is signed implies greater competition from new entrants for this contract, which should and does predict a lower price for the contract. The second result is consistent with the logic that if independent retailers pay a higher price to hedge their wholesale energy costs to supply a retail contract, they pass on a portion of this higher price in the retail prices they offer.
The interactions of ln(AV GQ) with IN D in the logarithmic specification are consistent with the logic that a larger value of AV GQ has a smaller in absolute value impact on price of the retail contract offered by an independent relative to an incumbent retailer. The coefficient on this interaction is typically positive and smaller in absolute value than the coefficient on AV GQ. This result is consistent with the logic that the primary effect of a larger value of AV GQ is on increasing extent of competition faced by incumbent retailers from independent retailers. A larger value of AV GQ could be the result of more purchases in the futures market by one independent retailer or more purchases by additional retailers. The available data on open positions in the futures cannot distinguish between these two reasons for an increase in AV GQ. In the levels specification reported in Table 1 , none of the coefficient estimates on the AV QP * IN D interaction are statistically different from zero.
Both tables also contain estimates that exclude AV GP , AV GQ, and interactions of the these variables with IN D, but include an indicator variable, M ARKET . In both the levels and logs specifications that exclude these variables (Column II), the coefficient on M ARKET is negative indicating that prices for retail contracts that begin delivering on and after 1 May 2015 were lower than observably similar retail contracts signed before that date. Both the levels and logs specifications (Column IV) that include M ARKET , AV GP , AV GQ and their interactions and find that the coefficients on M ARKET and AV GQ are both negative indicating that both the existence of the futures market and higher values of AV GQ predict lower retail contract prices. The coefficient on AV GP is also remains positive in both of these regressions. The results in this section provide strong empirical evidence consistent with the hypothesis that the introduction of a futures market facilitated entry by independent retailers, which increased competition in electricity retailing and reduced retail prices for contestable customers. In addition, the negative coefficient on AV GQ in the regression that includes M ARKET implies that beyond the existence of the future markets, more competition to supply retail contracts, as measured by the value of AV GQ, predicts lower retail prices. These results also demonstrate that futures prices for energy clearing during the term of a retail contract are an important predictor of retail prices. This result is also consistent with independent retailers using these contracts as a way to compete in electricity retailing.
The regression estimates can be used to obtain an estimate of the retail energy cost savings that resulted from the introduction of these contracts. For the specifications in terms of level of the retail price, the predicted price reduction for each contract is computed using the general expression
In the regressions that exclude AV GQ and AV GQ * IN D, ∆P c excludes these variables. In the regressions that exclude M ARKET or AV GQ, ∆P c excludes this variable. For each regression and each definition of ∆P c , I compute the estimated total retail energy cost savings for all contracts starting delivery on or after 1 July 2015 as a percentage of total retail energy spending on these same retail contracts. This magnitude is computed as
where C(f ) is the set of retail contracts starting delivery on or after 1 May 2015.
For the logarithms specification ∆P c is computed as:
Total Percent Savings is computed the same way as in equation (4) for this definition of ∆P c . Table 3 presents the Total Percent Savings estimates for each of the model estimates in Tables 1 and 2 . The estimated savings vary significantly across the various specifications. For the specifications that only include the M ARKET indicator variable, the estimated savings are 16 percent of actual total retail energy costs for contestable customers since 1 May 2015. The specifications that include M ARKET , AV GQ, AV GP and their interactions with IN D, the total savings are estimated to be between 18 percent (the levels specification) and 24 percent (the logs specification.) Any of these estimates imply sizeable retail cost savings to contestable customers due to the introduction of the standardized futures market in Singapore.
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Tables 4, 5 and 6 repeat the results in Tables 1, 2 , and 3 for the sample that contains both fixed price contracts and contracts that are indexed to the SP Services tariff. The results are qualitatively and quantitatively similar to the results with just the fixed price contract sample.
Open Positions and Wholesale Market Prices
This section examines the extent to which the introduction of the futures market for wholesale energy impacted the competitiveness of wholesale market outcomes. As discussed in Section 2, the level of fixed-price forward market obligations held by a generation unit owner determines the aggressiveness of the supplier's offers into short-term wholesale market. This logic implies that fixed-price forward contracts sold to independent retailers through the futures market should increase the quantity of fixed-price forward contract obligations of the generation unit owners, which should reduce short-term wholesale prices during the halfhours that these forward contracts clear. This section examines this hypothesis empirically using half-hourly USEPs, the day-ahead demand forecast for that half-hour, weekly natural gas prices, and the total quantity of open positions in the futures market clearing against the short-term price during that half-hour.
To understand the mechanism that would cause a generation-owning retailer that sold futures contracts to an independent retailer to submit offer curves into the short-term market closer to their marginal cost curve, below I derive an expression for the variable profit of a vertically-integrated retailer. Let P R equal the fixed retail price charged by the verticallyintegrated retailer, Q R equal the quantity of energy sold by the retailer at P R , Q C equal the quantity of fixed-price forward contracts sold by the retailer, and P C equal the quantityweighted average contract price. Define DR(p) as the residual demand facing this supplier in the short-term wholesale market and p as the half-hourly wholesale price. As discussed in Wolak (2000) , a supplier's residual demand curve is equal to wholesale market demand less the willingness to supply curve of all other suppliers besides this firm. The residual demand facing a supplier is amount of the market demand at price level p that is left for that supplier to serve after accounting for the aggregate willingness-to-supply of its competitors. For simplicity, let c equal the constant marginal cost of generation for this retailer and τ equal the variable cost it pays for transmission and distribution services.
In terms of this notation, the vertically-integrated retailer's variable profit during a halfhour is equal to
The first-term is the variable profit from retailing, the second term is the variable profit from sales in the short-term wholesale market, the third term is the difference payment for clearing fixed-price forward contracts and the last terms is the cost to the retailer of using the transmission and distribution grid. Following McRae and Wolak (2014) , this expression can be re-written as
All but the last term in this expression are unaffected by the supplier's offer behavior in the short-term wholesale market. The last expression demonstrates that if a generation-owning retailer expects to sell more in the short-term market (DR(p)) than its fixed-price forward market obligations, (Q R + Q c ), the supplier profits from raising short-term prices above its marginal cost of generation. Conversely, if the supplier expects to sell less than its forward market obligations in the short-term market, then it would like to set short-term prices below its marginal cost of production. Suppose that initially the generation-owning retailer's variable profits are given by the expression in equation (7). Let ∆ equal the additional fixed-price forward market obligations of this retailer that result from its sales in the futures market. Let P F equal the price at which these futures contracts were sold. Equation (7) becomes
Because ∆ > 0, the generation-owning retailer now has an incentive to submit offers into the short-term market at or below its marginal cost production for more of its output. This would imply short-term prices closer to its marginal cost of production for more half-hours of the year. If other generation-owning retailers have also sold futures contracts to independent retailers, these suppliers will also submit offers closer to their marginal cost of production and set lower wholesale prices during the half-hours that it has these incremental fixed-price forward market obligations. McRae and Wolak (2014) provide empirical evidence for both of these predictions about supplier behavior for the New Zealand wholesale electricity market. They find higher levels of fixed-price forward market obligations led to offer prices for a supplier closer to its marginal cost of production and this offer behavior results in lower market-clearing prices.
To investigate this hypothesis for the Singapore futures market, I run the following regression.
where U SEP h is the USEP for half-hour h, Hour j is a fixed-effect for half-hour-of-the-day j, (j = 1, 2, ..., 48), Day k is a fixed-effect for day-of-week k, (k = 1, 2, ..., 7), Demand h is the demand for half-hour h, LN G P rice h is the weekly natural gas price for half-hour h, Open P os h is the total open position for futures contracts that are clearing during half-hour h. For example, if h is half-hour 10 of 3 January 2016, then the quantity of open positions of quarterly contracts with a final settlement date of 31 March 2016 on 3 January 2016 would be the value of Open P os h . The hypothesis is that after controlling for the level of forecast demand for a half-hour and the price of the primary input fuel to produce electricity (LN G P rice), higher levels of Open P os (which correspond to higher values of ∆ in our theoretical analysis) implies lower short-term prices. M ARKET W h is an indicator variable that equals one for all half-hours after the first half-hour of 1 July 2015 and is zero for all halfhours before that date. Similar to M ARKET c for the retail contract analysis, this indicator variable accounts for the existence of positive open positions clearing against the half-hourly USEP. Table 7 presents the results of estimating equation (9) with all of the variables in levels and in logs. Heteroscedasticity-consistent standard errors are reported below the coefficient estimates for all regressions. I also include versions which exclude Open P os h and replace it with M ARKET W h . A third version of (9) includes both M ARKET W h and Open P os h . For all these versions of the model in levels and logs, I find that the introduction of the futures market led to lower wholesale prices and a higher level of Open P os h predicts larger reductions in U SEP h .
The same procedure used to estimate the financial impact of the existence of and volume of open futures contracts on retail prices can be used estimate their financial impact on wholesale prices. Specifically, for the levels regression, I compute the
In the regressions that exclude Open P os h or M ARKET W h , ∆U SEP h excludes these variables. I compute the estimated total wholesale energy cost savings as a percentage of total wholesale energy costs since 1 July 2015. This magnitude is computed as
where H(f ) is the set of hours in the sample from half-hour 1 of 1 July 2015 forward and Demand h is the demand during half-hour h. For the logs specification ∆U SEP h is computed as:
Total Percent Savings is computed the same way as in equation (11) for this definition of ∆U SEP h . Table 8 computes the Total Percent Savings for each of the three models estimated for the logs and levels specification. For the specifications that only include M ARKET W the estimated savings range from 7 percent (the levels specification in Column II) to 22 percent (the logs specification in Column V). For the specifications that include both M ARKET W and Open P os h the estimated savings range from 5 percent (the levels specification in Column III) to 19 percent (the logs specification in Column VI). Regardless of how the financial impact of the introduction of a liquid the futures market on wholesale prices is measured, the wholesale price impact is economically significant. Before concluding this section, it is important to emphasize that because a substantial fraction of final demand in Singapore is covered by fixed-price forward market obligations, multiplying ∆U SEP h by Actual Demand h is likely to over-estimate the wholesale market savings significantly. If α ∈ (0, 1) is the fraction of final demand covered by fixed-price forward market obligations, then α × (T otal P ercent Savings) is a more appropriate figure for the wholesale energy cost savings from the introduction of the futures market.
Broader Implications of Results
The results of the previous two sections provide strong empirical support for the argument that a liquid market for standardized forward contracts can significantly improve both retail and wholesale market performance. It is also important to emphasize that a major driver of the estimated economic benefits realized from the futures market in Singapore is the Forward Sales Contract Scheme that encourages market participants to act as market makers and provide bid/ask spreads for minimum volumes for each of the outstanding futures contracts. The FSC Scheme ensures sufficient liquidity at reasonable prices for prospective retailers that would like to enter to sell retail contracts by purchasing futures contracts that clear during the term of the retail contract. This logic implies that in order for a futures market to provide retail and wholesale market competitiveness benefits, there must be a financial incentive or a regulatory mandate for suppliers or retailers to participate in this market to ensure sufficient liquidity.
Our empirical results raise the following two questions I which address below. Is there anything unique about the Singapore market that would imply that these results are not applicable to wholesale electricity markets in other parts of the world? Can a regulatormandated market for standardized forward contracts serve as a basis for a long-term resource adequacy process?
Is the Singapore Experience Unique?
Although there are some aspects of the Singapore market that imply introducing a regulatormandated futures market would yield significant competitiveness benefits, there are a number of reasons to expect that these results would carry over other wholesale electricity markets, particularly those in the US. There are also reasons to expect that the market performance benefits would be even greater for certain market designs relative to what was found for Singapore.
The high degree of concentration of generation ownership in the Singapore market-three firms own 58 percent and five firms own 79 percent in 2016-implies that without significant fixed-price forward contract coverage of final demand, these suppliers would have an incentive to exercise substantial amounts of unilateral market power in the short-term market.
16 The relatively flat load shape of most customers implies that purely financial retailers do not face a significant profit risk from hedging their wholesale energy costs using a futures contract that clears the same quantity of energy in each half-hour of the day during the quarter. There are many electricity markets around the world with similar levels of the concentration of generation ownership to Singapore. In addition, the profit risk facing a purely financial retailer in markets with a smaller load factor could be addressed by making the standardized forward contracts sold clear against a half-hourly system-load-weighted average rather than simply the arithmetic average of half-hours. Specifically, the half-hourly amounts of energy delivered under the futures contract, QC h , would be computed as follows. Let QD hd equal the system demand in half-hour h of day d. Define the share of quarterly demand in half-hour h of day d during the quarter as:
Suppose that the standardized forward contracts are for an entire quarter, so that D is the number of days in that quarter. Suppose that supplier sells Q(Contract) MWh of energy for the quarter. The half-hourly value of the energy delivered under the contract for both the buyer and seller of the contract is QC hd = w hd × Q(Contract). Specifically, the quarterly total amount of energy sold is allocated to half-hours in the quarter according to the actual load shape during that quarter. The values of the w hd would be higher during the halfhours of the day when the value of system load is higher, which would make QC hd higher during those half-hours. Alternatively, the market operator could specify values of the w hd in advance based on historical values. The basic idea of this approach is to adjust the halfhourly values of the amount of energy sold in a quarter to match the hourly load shape to limit the deviations between QC hd and what the average customer is consuming on an half-hourly basis. The fact that all of markets in the US use the LMP market design and typically have an analogue to the USEP at which loads purchase wholesale energy implies that it would be 16 See Table 2 .5 in EMA (2018).
relatively straightforward to implement a standardized-forward contracts market for energy in each market in the US. Moreover, because all US markets have a day-ahead market and real-time market that allows purely financial entities to earn revenues from trading energy and patterns of transmission congestion between these two markets, these additional opportunities to earn revenues are likely to reduce the barriers to purely financial retailers entering these markets relative to the case of Singapore. 17 This should produce more vigorous retail competition, which should deliver greater economic benefits to consumers.
Mandated Futures Market for Long-Term Resource Adequacy
Virtually all jurisdictions with formal wholesale electricity markets have regulatory mandates aimed at maintaining an adequate long-term supply of energy at a reasonable price. Mandating participation in a standardized futures market for energy at that clears against a spatially averaged half-hourly or hourly price such as the USEP in Singapore at long enough horizons to delivery to allow new entrants to compete to supply these contracts can be used as alternative mechanism for ensuring long-term resource adequacy.
There is increasing dissatisfaction in the United States with the capacity-based longterm resource adequacy processes. This is particularly the case for regions with significant renewable energy goals. The firm capacity of a generation unit is typically defined as the amount of energy that the generation unit can produce under extreme system conditions, which makes defining the firm capacity of intermittent renewable generation units difficult, if not impossible. In addition, capacity-based resource adequacy processes procure firm capacity up to pre-specified multiple of the peak demand, typically in the range of 1.15, which limits wholesale price volatility and the incentive for investments in storage and active participation of final consumers in the wholesale market.
An energy-based long-term resource adequacy process that has the potential to reduce the total amount of generation capacity required to serve the same annual demand for energy, which can allow consumers to pay lower average wholesale prices, despite an increase in wholesale price volatility. Consumers can be protected from a significant fraction of this wholesale price volatility through the purchases of long-term contracts for energy. A liquid market for standardized forward contracts provides mechanism for providing the necessary hedges against wholesale price volatility, as well as mechanism for ensuring long-term resource adequacy if these mandated contract purchases are made far enough in advance of delivery to allow new entry to occur.
The wholesale market regulator could mandate that all load-serving entities in the region purchase and hold until delivery fixed-price forward contracts purchased from this standardized market equal to a pre-specified fraction of their final demand. For example, the mandate could be that all retailers purchase 97 percent of final demand one year in advance, 95 percent two years in advance, and 92 percent three years in advance. Retailers that fail to meet this obligation would be subject to a significant per MWh penalty for every MWh their actual retail demand exceeds this forward market obligation.
These purchase mandates should be a sufficiently large fraction of the retailer's demand and continue far enough into the future to give the regulator sufficient confidence that energy adequacy will ultimately be achieved in the delivery year. To the extent the regulator is concerned that adequate generation capacity and other resources will be available to meet demand in the future, the regulator can increase the number of years in the future the mandate to purchase exists from 3 years to, say 5 years, and increase the percentage of demand that must be purchased in futures contracts in each year in the future, for example 98 percent one year in advance, 97 percent two years in advance and 95 percent three years in advance.
The requirement that all retailers purchase these standardized forward contracts is straightforward for the regulator to monitor. The requirement that these contracts are purchased and held to delivery by retailers ensures there are sufficient revenue streams for wholesale energy far enough into the future for the regulator to be confident that demand will be met in the future. This revenue stream provides consumers with wholesale price certainty for virtually all of their final demand far in advance of delivery to obtain a competitive price and provides a revenue stream to generation unit owners far enough in advance of delivery to allow them to bring on line sufficient resources to meet demand. Finally, the regulatory mandate that all retailers purchase these contracts, ensures liquidity in the futures market at the mandated horizons to delivery.
The mandate to purchase and hold these contracts to "delivery" does not rule out market participants entering into other bilateral hedging arrangements. For example, a renewable resource owner might enter into a cap contract with a thermal resource owner where the thermal resource owner provides price spike insurance for a fixed quantity of energy each hour in exchange for an up-front payment. For example, a 50 MW solar resource might purchase insurance against prices above $100/MWh during the night-time hours of the day for the capacity of this resource, to hedge the risk of a price spike when its unit is unable to operate. In this case the solar resource would pay an up-front fee to the seller of the contract in exchange for the payment stream max(0, P (spot) − $100/M W h) * 50M W from the seller of the contract during each night-time hour during the contract period.
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Using a standardized futures markets for energy as the basis for a long-term resource adequacy process has the following advantages. First, it is technology and capacity neutral. There is no need for the regulator to determine the firm capacity of a generation unit or set an overall capacity requirement. It leaves decisions about the what is the least cost mix of generation capacity, demand response, and storage needed to meet the demand for energy in the future to market participants, which are likely to be the entities best able to make these decisions. Second, it allows wholesale prices to reflect scarcity conditions that can make storage investments and active demand-side participation economic. This will increase the capacity factor of existing generation units and which allows the same annual demand to be met with less generation capacity, thereby reducing annual average wholesale prices.
The prices of these futures contracts can also be used to set the wholesale price component of the regulated retail price. For example, if the regulator would like to set the wholesale component of the regulated retail price for the coming year, it can use the weighted average futures price for contracts delivering in the following four quarters. Because the retailer has purchased these futures contracts to meet its requlatory mandate, the regulator knows that the retailer can at least supply energy at a retail price that includes this wholesale price. In this way, the regulator is able to set the regulated retail price for a vertically-integrated electricity retailer. It simply uses the average futures prices for the relevant delivery horizon as the wholesale energy price component of the retail price.
It is important to emphasize that mandating purchases of these contracts by retailers is unlikely to create a stranded asset problem for retailers that lose load to other retailers. That retailer still owns a potentially valuable asset, which is the ability to purchase energy during the delivery period of the contract at the initial price paid for the futures contract. This retailer can sell this contract at the prevailing price for deliveries in the future and will be as likely to make money as lose money on this transaction if the futures contract was initially purchased at an efficient price in a liquid forward market such as the one proposed by this mechanism. Only in the extremely unlikely instance that system-wide demand falls substantially is there likely to be stranded contract problem under this mechanism. However, this would also be the same set of circumstances under which there would be stranded capacity payments in the forward capacity market regime that currently exists in the eastern US markets.
A final very favorable property of this mechanism is that it is ideally suited to a electricity supply industry with a significant share of intermittent renewable generation capacity where the firm capacity construct makes very little sense. The firm capacity of generation unit is the amount of energy that can be produced from a generation unit under extreme system conditions. For a thermal resource, this is a relatively well-defined concept. It is typically equal to the capacity of the unit times its availability factor. However, the amount of energy a wind unit can produce on an extremely hot high demand day with no wind is clearly zero, and the amount of energy a solar unit can produce at dusk on an extremely hot day high demand day is close to zero. Consequently, determining the firm energy of these resources is more of political decision than a technical engineering decision. Consequently, paying for firm capacity from these units when they are very likely not to be available during stressed system conditions is costly for consumers because they are paying for something they are not getting (firm capacity from the intermittent units) and paying for more firm capacity from dispatchable units to replace the firm capacity they are not getting from the intermittent units.
The regulator-mandated standardized market for long-term contracts approach to longterm resource adequacy avoids this issue by focusing on ensuring there is sufficient energy to meet demand in the future. As discussed in chapter 10 of McRae and Wolak (2106) , this mechanisms creates incentives for intermittent renewable resources to re-insure their forward energy sales with dispatchable thermal resources so that their forward commitment for energy in the future will be met.
Conclusions
The empirical analysis presented in this paper has quantified the direct economic benefits to contestable customers since May 2015 through the end of March 2016 in the form of reduced retail electricity contract costs from the existence of a liquid futures market in Singapore. The existence of a liquid futures market allows independent retailers to enter by purchasing futures contracts and offer retail electricity contracts that compete against the offers of incumbent retailers. Because generation-owning retailers are likely to be the eventual counterparty to most of these future contracts, these futures market sales increase the quantity of fixed-price forward contract obligations that these suppliers have when they submit their offers into the short-term wholesale market. The increased fixed-price forward market obligations cause these suppliers to submit offer curves closer to their marginal cost curves, which are found yield significantly lower wholesale prices. Each column represents the model estimated in Table 1 for levels and  Table 2 for logs used to construct counterfactual contract revenues. Each column represents the model estimated in Table 4 for levels and Table  5 for logs used to construct counterfactual contract revenues. Each model contains half-hour of day fixed effects. Standard errors robust to heteroskedasticity reported in parentheses. Each column represents the model estimated in table 7 used to construct counterfactual wholesale market purchases. 
